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Characteristics of the knee joint of the patients
Age Sex Disorder Total stiffness (N/mm)
6 Male Right osteosarcoma 0.154
9 Male Right discoid 0.094
13 Female Right discoid 0.146
13 Male Right discoid 0.156
13 Male Left discoid 0.114
14 Male Right ACL injury 0.088
16 Female Right discoid 0.111
19 Male Right meniscus injury 0.102
26 Male Right PCL injury 0.121
35 Male Right ACL injury 0.120
37 Male Left Open fracture 0.130
Abstracts / Osteoarthritis and Cartilage 22 (2014) S57–S489S110A remark on the frequency parameter, that cannot be eliminated
unfortunately from the analysis as did Khaled and Vafai (2004) in their
study on Newtonian ﬂuids (by an appropriate choice of dimensionless
quantities): we have another parameter, which will be set to 1 for the
rest of the analysis.
Conclusions: A very important point to pay attention is about the
(dimensionless) times considered by Devakar and Iyengar (2009), but
also by Helmy (2000) and Helmy et al. (2002), that are not very large. In
their numerical runs, Devakar and Iyengar (2009) took dimensionless
times less than a value of 6. Certainly, the problem resolution for larger
values of time will require an optimization of the numerical scheme.
The apparent viscosity of hyaluronan solution is increasing with
decreasing rate of shear while at higher rates of movement the viscosity
drops. This entails that the joint is "dynamically" stabilized and well
lubricated during slower motions but at higher rates of movement the
drag of the bones faced against each other in synovial joint is sig-
niﬁcantly reduced.
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Purpose: Evaluation of mechanical properties of the articular cartilage
is essential to identify physiological and pathological condition of the
joint. Several devices have been developed and used to measure the
stiffness of cartilage under arthroscopic control in adults. Uchio et al
(2002) reported the cartilage stiffness of the femoral condyle and
patella in 105 knees (74 patients) using an ultrasonic tactile sensor. They
found that the cartilage with grade 1 and 2 degeneration showed lower
stiffness, but the cartilage with grade 4 degeneration showed higher
stiffness than normal cartilage. However, their patients age were
between 9-72 years and there is no description about number of young
patients. Thus, there have been limited data on the material properties
of cartilage especially in childrenwho are in growth period. In this pilot
study, we have evaluated validation of an arthroscopic indentation
sensor and applied it to themeasurement of the cartilage stiffness of the
children and adults.
Methods: A novel indentation sensor was developed;
VENUSTRON system (Axiom, Sendai, Japan), which is an indentation
sensor system to measure the stiffness of the cartilage under arthro-
scopy. The system consists of 4mm sensor with 8mm outer guide. (Fig 1)
1) Validation and repeatability of the system: Stiffness of a material
with known material properties (PE light, Young’s module 0.43 
0.:1MPa) was measured by the VENUSTRON system. The maximum
displacement and pressure to calculate Young’s module of the material
were set at 1.0mm and 450gram. The stiffness of PE light was meas-
ured at thickness of 2mm to :10mm with a 2mm interval. The meas-
urement were repeated for 3 times at each thickness, to evaluate
repeatability.
2) Measurement of femoral cartilage stiffness in young and adult
patients: After an IRB approval and informed consent from each patient,stiffness of articular cartilage of the medial femoral condyle were
assessed in 11 knees in 10 patients (age from 6 to 37) who underwent
arthroscopic surgery for knee disorders. Prior to the surgery, cartilage
condition of the femoral condyle was assessed by MRI and we con-
ﬁrmed that no patients had damage or degeneration in the medial
femoral condyle. Patients information was summarized in Table 1.
Results:
1) Young’s module of the material (PE light) were 1.15-1.24 (mean 1.20)
MPa. There were no difference in the measured Young’s module with
the material due to the difference of thickness between 2-10mm. Inter-
class correlation coefﬁcients (ICCs) in repeatedmeasurements using the
material were 0.83-0.99.
2) Force-displacement curves of the medial femoral cartilage of
young (9-15 years) and adult (16 and over) patients were shown in
Fig 2 and 3. There were wide variations in cartilage stiffness among
these patients (Table 1). The stiffness ranged from 0.088 to 0.156 N/
mm.
Discussion and Conclusions: Since the VENUSTRON system is
manually held during the measurement, there is a concern for val-
idity and repeatability to assess material properties of the cartilage.
Differences of the measured Young’s module of the material from its
speciﬁcation value were 0.72 to 0.81 MPa. Regarding the difference
and high repeatability (ICCs 0.83-0.99), the VENUSTRON system is an
useful tool to measure material property of the articular cartilage
under arthroscopy. Although the patients in this series have no
damage or degeneration in their femoral cartilage, there were wide
variations in the cartilage stiffness among the patients of 6-41 years,
and we found no relationship between the cartilage stiffness and age.
Previous reports also suggest that there are wide variations in the
material property of the femoral cartilage. The Young’s module of the
femoral cartilage ranged from 100 kPa (Uchio, 2002) to 900kPa
(Athanasiou,1991), however most of the data were from adult
patients. In our series, it is possible that pre-existing disorder or
trauma, rather than their age, affects the cartilage stiffness, but
relationship between material property of the cartilage and age
remains unclear.
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THE BIOMECHANICAL CHALLENGE OF SINGLE LEG SQUAT EXERCISE
AND IMPLICATIONS FOR EXERCISE PROGRESSION
K. Button, P.E. Roos, P. Rimmer, R.W. van Deursen. cardiff Univ., cardiff,
United Kingdom
Purpose: Single leg squat (SLS) is used in rehabilitation alongside
other functional tasks such as double leg squat (DLS) and single leg
hop for distance (SLDH), as exercises to improve function and asCONT ACLR
SLS DLS SLDH SLS D
ROMankle degrees 26.6(6.1) 32.5(6.8) 26.4(8.4) 24.6 (6.5) 30
ROMkneedegrees 67.7 (14.3) 113.9(19.0) 68.8(14.7) 63.5 (14.2) * 10
ROMhipdegrees 54.1 (13.0) 90.4(13.8) 35.1(10.4) 50.7 (17.3) 87
Fluencyseconds 0.181(0.065) 0.490(0.210) 0.172(0.070) 0.171 (0.049) 0.
MankleMaxBW.ht 0.068(0.012) 0.031(0.011) 0.272(0.094) 0.071 (0.018) * 0.
MkneeMaxBW.ht 0.066(0.018) 0.061(0.021) 0.416(0.166) 0.053 (0.023) * 0.
MhipMaxBW.ht 0.091(0.039) 0.062(0.021) 0.484(0.183) 0.086 (0.043) 0.
MaddMaxBW.ht 0.041(0.014) 0.020(0.007) 0.291(0.119) 0.044 (0.017) * 0.
Mean and standard deviation, * p<0.05 statistically signiﬁcant difference between grouprecovery assessment tools. Altered kinematic strategies have been
identiﬁed post Anterior Cruciate Ligament (ACL) injury and surgery for
SLS but kinetic compensations have not been fully explored. In addi-
tion there is a need to establish how challenging SLS is compared to
other functional tasks to improve exercise prescription. The aim of this
study was to evaluate the kinematics and kinetics of SLS in ACL deﬁ-
cient (ACLD) and ACL reconstructed (ACLR) individuals compared to
uninjured controls (CONT) and to compare the difﬁculty of SLS to DLS
and SLDH.
Methods: Twenty four ACLR patients (7 females, 17 males, 30.2  9.9
yrs, 1.73  0.07 m, 79.7  10.8 kg), 21 ACLD (5 females, 16 males, 30.6
 6.6 yrs, 1.78  0.07 m, 81.3  14.4 kg) and 23 matched CONT (6
females, 17 males, 26.2  7.1 yrs, 1.75  0.11 m, 77.2  18.7 kg) were
recruited. Motion capture and force data were collected while indi-
viduals performed eight SLS. Kinematics and inverse dynamics cal-
culations were performed within VICON Nexus and analysed in
Matlab. The output variables were; squat depth (), range of motion
() of the; ankle (ROMankle), knee (ROMknee) and hip (ROMhip), ﬂuency
(s) to represent knee control, peak internal extensor moment (BW.ht)
of the; ankle (MankleMax), knee (MkneeMax) and hip (MhipMax) and peak
external knee adduction moment (MaddMax) to represent loading. A
univariate analysis evaluated differences between ACL groups and
CONT during SLS, with squat depth as a covariate and an alpha level
of p<0.05. Kinematic and kinetic data analysed previously for DLS
and SLDH were used as reference for a descriptive comparison with
SLS.
Results: Means and standard deviations for all kinematic and
kinetic data are in Table 1. ACL groups had signiﬁcantly reduced
squat depth (CONT 74.9  15.5; ACLR 67.2  13.6; ACLD 63.3  8.5
p<0.05) and signiﬁcantly reduced ROMknee. There was no signiﬁcant
difference in ROMankle or ROMhip between groups. There was no
signiﬁcant difference in ﬂuency between groups. Both ACLR and
ACLD used signiﬁcantly reduced MkneeMax. Conversely ACLR and
ACLD used signiﬁcantly increased MankleMax and MaddMax Only ACLD
used signiﬁcantly reduced MhipMax. Descriptively, ROMankle was
similar across all activities. Mean ROMknee during SLS was similar to
SLDH but less than DLS. ROMhip was intermediate between DLS and
SLDH. Mean ﬂuency was intermediate between DLS and SLDH but
closer to SLDH. Mean MankleMax, MkneeMax, MhipMax, MaddMax, were
intermediate between DLS and SLDH but closer to the values of
DLS.
Conclusions: Like DLS and SLDH, SLS is challenging to both ACLR
and ACLD and both groups demonstrate incomplete recovery which
is worse in ACLD. At the knee ACL had a reduced depth and ROM
during SLS, which contributed to the reduced MkneeMax. Despite the
reduced squat depth both groups demonstrated increased MaddMax,
which may be detrimental to the knee as a long term compensa-
tion strategy. Unexpectedly knee control was similar between ACL
and CONT groups and may be related to the reduced squat depth.
In terms of exercise difﬁculty SLS appears to be intermediate
between DLS and SLDH but closest to DLS for loading and to SLDH
for knee control and range of motion. When prescribing exercises it
is the amount of potential loading and challenge to knee control
that should inﬂuence exercise progression rather than range of
motion. Therefore, although SLS tests knee control it is not nec-
essarily a good functional test to assess if higher loading can be
accommodated when advancing from DLS to SLDH. This is partic-
ularly relevant to ACL who use predominately altered kinetics.
Jogging could be a better intermediate test to ﬁt within this
exercise progression framework.ACLD
LS SLDH SLS DLS SLDH
.6(5.7) 25.7(6.8) 24.6 (4.4) 33.5(8.3) * 28.0(8.1)*
2.9(16.5) * 57.6(21.6) * 58.8 (9.3) * 101.3(13.5) * 57.7(14.2) *
.9(17) 35.8(11.6) 47.9 (15.0) 82.4(19.3) * 29.7(9.6)
430(0.170) 0.120(0.037) * 0.178 (0.596) 0.530(0.243) 0.148(0.072)
033(0.013) 0.300(0.088) 0.075 (0.014) * 0.036(0.010) * 0.355(0.101)*
045 (0.015)* 0.286(0.187) 0.053 (0.139) * 0.046(0.011)* 0.320(0.166)
062(0.023) 0.518(0.202)* 0.087 (0.035) * 0.053(0.020) * 0.521(0.223) *
016 (0.009)* 0.303(0.115) 0.047 (0.015) * 0.013(0.008)* 0.272(0.068)
s.
